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SUMMARY

An investigation was conducted in the Langley high-speed T- by
10-foot tunnel to determine the effects of variations in taper ratio
within the range of 0.3 to 1.0 on the static lateral stability charac-
teristics at high subsonic speeds of wing-fuselage cormbinations heving
wings of 1459 sweepback at the quarter-chord line and an aspect ratio
of 4. As has been shown in previous experimental investigations of
other wing plan forms, the parameter CzB/CL, which expresses the rate

of change of effective dihedral with lift coefficient, was found to
increase at the high subsonic Mach numbers as the force-bresk Mach num-
ber was approached. Above the force-break Mach number, CIB/CL decreased

in magnitude with the severity of the bresk increasing with a decreasse in
taper ratio. The experimental veriation of CIB/CL increases negatively

with taper ratio and agrees well with the predicted trend; however, the
experimental values are shown to be appreclably larger than the predicted
values. At low and moderste 1ift coefficlents the derivative of yawing
moment due to sideslip Cn{3 and lateral force due to sideslip CYB for

the wing-fuselage combinations are contributed almost entirely by the
fuselage alone; however, at high 1ift coefficlents the effects of the
wing are quite large.

INTRODUCTION

A systematic research program is being carried out in the Langley
high-speed T- by 10-foot tunnel to determine the aerodynasmic character-
istics of various arrangements of the component parts of research-type

) lSupersedes recently declassified NACA Research Memorandum L53B25sa
by Jemes W. Wiggins and Paul G. Fournier, 1953.
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airplane models, including some complete model configurstions. Data
are being obtalned on characteristics in pitch, sideslip, and during
steady roll at Mach numbers from 0.40 to sbout 0.95.

This peper presents results which show the effect of taper ratio
on the serodynamic characteristics in sideslip of wing-fuselsge combina-
tions having wings with & sweep of 4L5° at the quarter-chord line, an
aspect ratio of L, and an NACA 65A006- airfoil section. The three wings
have taper ratios of 0.3, 0.6, and 1.0. Investigations of the effects
of sweep and aspect ratio on lateral stability characteristics are pre-
sented in references 1 and 2, respectively. The charascteristics of the
fuselage slone, which has been common to all configurations covered in
the program, are included in reference 1. In order tc expedite the
issuance of the results, only e limited comparison of some of the more
significant charascteristics with availsble theory is presented in this
paper. _ R . I

COEFFICIENTS AND SYMBOLS

The stablility system of axes used for the presentation of the data,
together with en indication of the positive forces, moments, and angles,
is presented in figure 1. All moments are referred to the quarter-chord
point of the mean aerodynamic chord. '

Cr, 1ift coefficient, Eégﬁ ) o
Rolling moment

C rolling-moment coefficient, - =5
Cn yawing-moment coefficient, YaWingsﬁoment

d
Cy : lateral-force coefficient, Latera; force

a

pv2

S dynamic pressure, —, 1b/sq £t

mass density of sair, slugs/cu 't

v free-~stream velocity, fps
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M Mach number
R Reynolds number, EEE
"M absolute viscosity of alr, slugs/ft-sec
S wing area, sq ft
b wing span, £t
c wing chord, ft
_ o [b/2 2
c _ mean serodynamic chord, E\j; cqdy, £t
¥ spanwise dlstance from plane of symmetry, £t
a angle of attack, deg
B angle of sideslip, deg
& deflection, ft
3c,

ClB = sg— per deg

ac
Cng = —Z per deg

op

ocy
Gyﬁ = SE— per deg

c
ﬁ. = EC.EE per deg
Cr, BCL

Subscript:

WF-F wing-fuselage values minus fuselsge values
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MODEL AND APPARATUS

The wing-fuselage combinations tested are shown in figure 2. All
wings had en NACA 65A006 airfoil section parallel to the plane of sym-
metry and were attached to the fuselage in a midwing position. All
wings were constructed of solld sluminum alloy except the taper-ratio-0.6
wing which was of composite construction, consisting of a steel core and
a bismuth-tin covering. The aluminum fuselage was common to all configu-
retions and its ordinates are presented in reference 3.

The three wings used in this investigetlon represent only a part
of a family of wings being studied in a more extensive program; there-
fore, a common wing designation system is being used for the entire
program. For exsmple, the wing designated by 45-4-0.6-006 has the
quarter-chord line swept back 45°, an aspect ratio of L4, and a taper
ratio of 0.6. The number 006 refers to the section designation; in
this case the design 1ift coefficient is zero and the thickness is
6 percent of the chord.

The models were tested on the sting support system shown in fig-
ures 3 and 4. With this support system the model cen be remotely
operated through a 28° angle range in the plane of the verticasl strut.
By means of couplings in the sting, the model can be rolled through o0°
so that either angle of attack (fig. 3) or angle of sideslip (fig. &)
can be the remotely controlled varisble. With the model horizontal
(fig. 3) couplings can be used to support the model at angles of side-
slip of approximately -4° or 4° while the model is tested through the
angle-~of-atitack range.

TEST AND CORRECTIONS

The tests were conducted in the Langley high-speed T~ by 1lO0-foot
tunnel through a Mach number range from 0.4%0 to 0.95. The size of the
models caused the tunnel to choke at corrected Mach numbers of 0.95
to 0.96, depending on the wing being tested. The blocking corrections
which were applied to the dats were determined by the veloclty-ratio
method of reference L,

The present investigetion consisted of two groups of tests. The
first, from which most of the data were obtained, involved runs at angles
of sideslip of -4° and 4O through an esngle-of-attack range from -3°
to 24°, The second series of tests were made at several predetermined
angles of attack through a sldeslip-angle range from 4° to -10°,
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The jet-boundsry corrections applied to the angle of sttack were
determined by the method of reference 5. The corrections to lateral
force, yawing moment, and rolling moment were considered negligible.
Tare corrections were obtained but were found to be negligible for s
wing-fuselage configuration and therefore were not spplied. The angle
of attack and the angle of sideslip have been corrected for the deflec-
tion of the sting support system and balance under load.

Corrections for the spanwise dihedral distribution due to wing dis-
tortion while urder serodynamic load (figs. 5 and 6) have been applied
to these dats and were debermined by the method discussed in detail in
reference 1.

The Reynolds number variations with test Mach nunmber are presented
in figure 7 for the three wings. Reynolds numbers range from 1.75 X lO6
to 3.20 X 106 and are based on the mean aerodynamic chord of the respec-
tive wing.

RESULTS AND DISCUSSION

The basic data for the wing-fuselage configuretions having wings of
taper ratios of 0.3 and 1.0 are presented in figures 8 and 9, respectively.
The basic data for the 0.6-taper-ratio-wing--fuselage configuretion and
for the fuselage alone are presented in reference 1. The basic data have
not been corrected for aercelastic distortion. The bulk of the dats was
obtained from tests at angles of sideslip of -4° and 4°. The flagged
symbols (figs. 8, 9, and ref. 1) are results obtained from tests in
which the angle of sideslip was the variable.

A sample of the data obtained through the sideslip-angle range is
presented in reference 1. As was polnted out in references 1 and 2, the
lateral force.and yawing moment are contributed almost entirely by the
fuselage.

Rolling-Moment Chsracteristics

A comparison of the varistion of the effective dihedral param-
eter C3, with 1ift coefficient for the three wing-fuselage configura-

tione is presented in figure 10. Wing-plus-wing-fuselage-interference

data (fig. 11) were obtained by subtracting the fuselage-alone data of
reference 1 from the data of figure 10 and indicate essentially the same
trends as the wing-fuselege data. At low 1lift coefficients the rate of
change of CIB with 1ift coefficient increases negatively with an inecrease
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in taper ratio at all Mach numbers. The 1ift coefficient at which the
Initial break in CZB occurs and the maximum value of CzB at this 1ift

coefficient increase with an increase in taper ratio at the higher Mach
numbers. This initial bresk in the CZB curve probably is caused by

loss of 1ift on the forward wing panel. As a result, values of CIB

become positive at 1lift coefficilents around 0.7 or 0.8 for all wings at
the lower Mach numbers; however, results from the 0.3-taper-ratio wing
indicate a recovery from this condition at a lower Mach number than for
the wings of taper ratio 0.6 and 1.0 (figs. 8, 9, and 10). The range of
11ift coefficient over which CZB is linear increases with Mach number

up to the force break (M = 0.93) for the wings of taper ratios of 0.6
and 1.0 (fig. 9 and ref. 1), but the results from the 0.3-taper-ratio
wing (fig. 8) indicate essentially no effect of Mach number on the linear
range of CzB at these Mach numbers. '

The variation of the slope Cj, (1, measured near zero 1ift, with
BL: )

Mach number is presented in figure 12 and the varistion with taper ratio
is shown in figure 13 along with & comparison with wing-slone theory and
experimentel values corrected for meroelastic distortion. The theoreticel
predictions were determined by epplying the compressibllity corrections
calculated by the method of reference 6 to the incompressible-flow values
calculated by the method of reference 7. As was generally found for the
wings investigated in references 1 and 2, values of CZB/CL increased

at the higher subsonic Mach numbers as the force-break Mach number was
approached for each of the wing-fuselage combinations; although the
present availsble theory (ref. 6) predlcts a slight decrease in CZB/QL

within this Mach number range.
All wing-fuselage comblnations exhibited a reduction in CZB/QL

ebove the force-break Mach number, with the severity of the bresk
increasing with a decrease in teper ratio.

The experimental variation of Cla/CL with taper ratio (fig. 13)

agrees well with the predicted varietion; however, as slsc shown in fig-
ure 12, the experimental values are appreclably greater than the pre-
dicted values.

Lateral-Force and Yawlng-Moment Characteristics

Comparisons of the varlations of the lateral-stebility parameters
CnB and GYB with 1ift coefficient are presented in figures 14 and 15
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for the wing-fuselage configurations. The wing-plus-wing-fuselage-
interference data for the same conditions, which were obtained by sub-
tracting the fuselage-alone date of reference 1 from the dasta of fig-
ures 14 and 15 are presented in figures 16 and 17.

The results indicate that, at 1ift coefficients below about 0.8,
the derivatives an and GYB are contributed slmost entirely by the

fuselage alone. The bresks in the curves at the higher 1ift coeffi-
clents are probably due to wing stalling which changes the magnitude
and orientation of the resultant force on the two wing semispans.

CONCLUSIONS

The results of the present investigation of the serodynamic char-
acteristics in sideslip at high subsonic speeds of wings having verious
taper ratios, with a sweep angle of 45°, an aspect ratio 6, and an
NACA 65A006 airfoill section indicate the following conclusions:

1. The experimental variation of Czﬁ/GL (rate of change of effec-

tive dihedral with 1ift coefficient) indicates an incresse in megnitude
at the higher subsonic Mach numbers up to the force bresk. This trend is
in genersl agreement wilth experimental resulits obtalned in other inves-
tigations, although availsble theory indicates that a slight decrease in
this derivative with increasing Mach number should be expecited. Above
the force-break Mach number the parameter CZB/GL exhibited a reduction

with a further increase in Mach number, with the severity of the bresk
increasing with a decrease in taper rstio.

2. The experimental varistion of CZB/CL Increases negatively with

teper ratio and agrees well with the predicted trend; however, the experi-
mental values are shown to be apprecisbly greater than the predicted
values.

3. At low and moderate 1ift coefficients the derivative of yawing
moment due to sideslip Cnﬁ and lateral force due to sideslip GYB for

the wing-fuselage combinations are contributed almost entirely by the
fuselage alone; however, at high 1ift coefficients the effects of the
wing are quite large.

‘Langley Aeronautical Leboratory,
National Advisory Commlttee for Aeronsuties,

Langley Fleld, Va., February 25, 1953.



NACA TN L4174

REFERENCES

Kuhn, Richard E., and Fournier, Paul G.: Wind-Tunnel Investigation
of the Static Lateral Stability Characteristics of Wing-Fuselage
Combinations at High Subsonic Speeds - Sweep Series. NACA
RM 1.52Gllsa, 1952.

. Fournier, Paul G., and Byrnes, Andrew L., Jr.: Wing-Tunnel Investiga-

tion of the Static Lateral Stability Characteristics of Wing-
Fuselage Combinations at High Subsonic Speeds - Aspect-Ratio Series.
NACA RM L52L18, 1953.

. Kuhn, Richard E., and Wiggins, Jemes W.: Wind-Tunnel Investigation

of the Aerodynamic Characteristics in Pitch of Wing-Fuselage Com-
binations at High Subsonic Speeds - Aspect-Ratio Series. NACA
RM L52A29, 1952.

Hensel, Rudolpf W.: Rectangular-Wind-Tunnel Blocking Corrections
Using the Velocity-Ratio Method. NACA TN 2372, 1951.

Gillis, Clarence L., Polhemus, Edward C., and Gray, Joseph L., Jr.:
Charts for Determining Jet-Boundary Corrections for Complete Models
in 7- by 1l0-Foot Closed Rectangulsr Wind Tunnels. NACA WR L-123,
1945, (Formerly NACA ARR L5G31.)

Fisher, Lewis R.: Approximate Corrections for the Effects of Com- .
pressibility on the Subsonic Stebility Derivatives of Swept Wings.
NACA TN 1854, 1949,

. Toll, Thomas A., and Queijo, M. J.: Approximate Reletions and Charts

for Low-Speed Stability Derivatives of Swept Wings. NACA TN 1581,
1948.



2C NACA TN 417k S

Lateral force

Relative wind

Yawing moment

_ [ \ _
X *“Z‘@ { ]
Rolling moment \

Lift

Yawing moment

gy

Rolling moment

—
o

7

Relative wind

Figure 1.- System of exes used showing the positive direction of forces,
moments, and angles.



Wing geomestry
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Tip chord 4./6 in Tip chord 675 . Tip chord 2001in.
Maan asrodynamic Mean acerodynamic Mean agrodynamic

chord 0.822¢4 chord 07651 chord o.7501t

Flgure Z.- Drawing of the three wing-fuselage configurations.
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Figure 4.- A typical model instelled for veriable angle-of-sideslip
tests. Shown at 0° angle of mttack.
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Figure 5.- Deflection curves for the test wings.

45-4-10-006
45-4-.6-006
45-4-.3- 006

R

¥LTh NL VOVN

€T




002
A% o1
AC, [ I B B ey
|
o
4 %) o) V4 8 9 10

Mach number M

1

45-4 - [0-006
45-4-.6-006
45-4-.3-006

Figure 6.- Correction factors used to correct for the effects of aero-

elagtlic distortion.
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Figure 7.- Varlation of mean Reynolds number with test Mach number based
on the wing mean serodynamic chord.
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Figure 10.- Effects of taper ratio on the variastion of CZB with 1ift

coefficient for the wing-fus‘ela.ge confiéur_a.tions at several Mach
numbers. Data not corrected for aseroelastlic distortion.
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Figure 11.- Effects of taper ratio on the variation of wing-plus-wing-
fuselage-interference values of CZB with 1ift coefficient at

several Mach numbers. Data not corrected for aercelastic distortion.
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Figure 12.- Variation of CZB/CL with Mach number.
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Figure 1lh.- Effects of taper ratio on the variation of CnB with 1ift
coefficient for the wing-fuselage configurations at several Mach numbers.
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Figure 15.- Effects of teper ratioc on the variation ofv CYB with 1ift
coefficient for the wing-fuselage configurations at several Mach numbers.
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Figure 16.- Effects of taper ratio on the veriation of wing-plus-wing-
fuselage-interference values of Cnﬁ with 1ift coefficient at several

Mach numbers.
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Figure 17.- Effects of taper ratioc on the varistion of wing-plus-wing-
fuselage-interference values of CYB with 1ift coefficient at several

Mach numbers.
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